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This investigation was  originally undertaken for the purpose  of 
determining the relation which might exist between the tumefaction 
of  the  spleen  and  the  jaundice  so  characteristic  of  acute  blood 
destruction by hemolytic poisons.  As  the  work progressed,  how- 
ever,  it became evident that  a  problem  of much wider  scope  was 
before us and that it was necessary to study the general relation of 
the spleen to blood destruction and its sequelae. 
In  the  early  experiments  in  which  was  studied  the  effect  of 
hemolytic serum in the absence of the spleen, very definite and con- 
stant  results in connection with the question  of jaundice were ob- 
tained,  but,  as  the time after  splenectomy increased, other  factors 
entered  to  such  a  degree  that  it  became  necessary  to  attack  the 
problem from many sides.  In order, therefore, to prepare the way 
for  a  rational  consideration  of  the  many aspects  of  the  problem, 
this  communication will be devot.ed to a  general statement  (I)  of 
the relation 'between the hemoglobinuria and the jaundice occurring 
in  normal animals  and  in  splenectomized animals  receiving hemo- 
lytic serum, and  (2)  of certain changes in the blood and urine ap- 
parently dependent on splenectomy.  The explanation of these will 
be discussed in subsequent papers. 
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METHODS. 
The  blood-destroying  agent  employed  in  the  present  series  of 
experiments  was  hemolytic  immune  serum  prepared  by  injecting 
rabbits  with defibrinated ,blood of the  dog.  Five injections  of five 
to ten cubic centimeters at intervals  of five to seven days gave,  as a 
rule,  a  very active hemolytic serum. 
The  operation  of splenectomy was  done  aseptically  under  ether 
anesthesia.  Female dogs were used almost exclusively in order that 
the tests  for hemoglobin and bile might be made on urine  obtained 
by catheterization.  This  we  have  found  to  be  a  most  important 
precaution,  for not infrequently the cage urine of apparently healthy 
dogs  contains  bile,  and  admixture  of  biliary  pigments  cannot  be 
avoided if diarrhea  or vomiting is present.  All injections of hemo- 
lytic serum were made under ether anesthesia into a  small superficial 
vein  of  the  leg  or  into  the  jugular  vein.  Each  experiment  on  a 
splenectomized  animal  was controlled by the  injection  of a  normal 
animal  with the same serum.  When the  animals  were of approxi- 
mately the same weight they received the same amounts  of serum: 
but when  the  weight  varied  more  than  half  a  kilo,  they  received, 
with a  few exceptions, corresponding doses per kilo of body weight. 
The  urine  of all  animals  was  examined  for  coagulable  protein, 
hemoglobin,  and  bile pigments.  In  regard  to  the  latter  it  may be 
said that  little  attention  has been paid  to the  staining  of the sclera 
or to the general staining of the tissue as evidence of jaundice.  The 
appearance of bile pigments in the urine has been taken as the surest 
indication  of jaundice,  and  the  simple  tests  (Gmelin,  Rosenbach) 
have,  as a  rule,  been used,  though  in  doubtful cases the more deli- 
cate tests were tried,  and  in  several  series  tests  for bile  salts  were 
made as a  matter  of routine. 
THE FAILURE OF JAUNDICE DURING SHORT PERIODS AFTER 
SPLENECTOMY. 
The  effect  of  a  powerful  hemolytic  serum  upon  the  recently 
splenectomized  animal  is  not  widely different  from  that  upon  the 
normal animal.  In both the blood is laked  freely and  death  results 
in  a  few  hours,  thus  indicating  no  increase  in  resistance  in  the 
splenectomized animal.  This is shown in experiment I. R. M. Pearce, J. H. Austin, and E. B. Krumbhaar.  365 
EXPERIMENT  I. 
A  normal  dog  weighing  8,220  gm.,  and  a  dog  splenectomized  three  days 
before,  weighing 9,02.5 gm.,  received  hemolytic  serum  intravenously  in  propor- 
tions  of  0.5  c.c.  per  kilo  of  body  weight.  Both  vomited  shortly  after  receiv- 
ing  the  serum,  became progressively weaker,  and  died  after  a  few  hours.  No 
urine  could  be  obtained  by  catheterization  and  none  was  found  in  the  bladder 
of  either  after  death. 
At  autopsy both  animals  presented certain  lesions in  common, e.  g.,  fluid  in 
the  peritoneal  cavity,  congestion of  the  liver,  and  edema  of  the  lymph  nodes, 
kidneys,  and  gall-bladder.  The  control  had  the  greatly  distended,  soft,  black, 
spodogenous  spleen  that  is  characteristic  of  acute  blood  destruction.  In  the 
splenectomized animal  there  were  peteehial  hemorrhages  of  the  serous  mem- 
branes  and  of  the mucosa  of  the  intestine;  these were not  seen  in  the  control 
dog.  The  heart  and blood-vessels contained loose clots,  and the  serum of  each 
animal  showed, after centrifugalization, deep staining with hemoglobin. 
Histological  examination  of  tissues  from  the  control  dog  showed  intense 
congestion of the liver with general necrosis and  hyaline thrombi in  the blood- 
vessels.  The  sinuses of  the  spleen were  distended by  fused  hyaline  masses  of 
red  blood  cells  and  the  pulp  was  more  or  less  necrotic.  The  vessels  of  the 
kidney  contained  hyaline  masses,  and  the  epithelium  of  the  tubules  showed 
granular  degeneration.  The  lymph  nodes  were  edematous  and  in  them  were 
small  areas  of  necrosis.  The  liver,  kidney,  and  lymph  nodes  of  the  splenec- 
tomized  dog  presented a  similar  histological picture. 
The  extreme opposite  of the  above  experiment  is  shown  in  ex- 
periment II, in which a weak serum was used. 
EXPERIMENT  II. 
Effect  of  Hemolytic  Serum  Administered  Three  Days  after  Splenectomy, 
with  Control. 
:Date.  Dog xx.  Weight xo,ooo gin.  Dog 13.  Weight 8,99  ° gm. 
Dec.  If, I9II. 
Dec.  x4, I9II. 
Dec.  I5, x9II. 
Dec.  16,  IgII. 
Dec.  17, IgIi. 
Dec.  i8, I9Ii. 
Dec.  19, I9Xi. 
Dec.  2o,  IgII 
Dee.  21-22, 
IgII~ 
Dec.  23, I9II. 
Splenectomy. 
Urine  normal;  2.5  c.c.  hemolytic 
serum in vein. 
Urine normal. 
Urine normal; 4.5 c.c.  of  same se- 
rum in vein. 
Trace  of  albumin;  no  bile,  no 
hemoglobin. 
Trace  of  albumin;  no  bile,  no 
hemoglobin. 
Trace  of  albumin;  no  bile,  no 
hemoglobin. 
Ligation  of  common  bile  duct 
under ether anesthesia. 
Bile pigments in urine. 
Bile pigments in urine increasing. 
Bile pigments in urine increasing. 
Killed by chloroform. 
Control. 
Urine normal; 2.5 e.c. hemolytic serum 
in vein. 
Bile test positive; no hemoglobin, no 
albumin. 
Bile test positive; no hemoglobin, no 
albumin; 4-5 c.e. of same serum in 
vein. 
Bile  test  positive; albumin  present, 
no hemoglobin. 
Bile  test  positive;  albumin  present, 
no hemoglobin. 
Bile  test  positive;  albumin  present, 
no hemoglobin. 
Died, under ether, during operatio~ to 
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In this experiment the hemolytic serum was not powerful enough 
to cause a destruction of blood of sufficient grade to produce hemo- 
globinuria,  although it  did cause in the control animal enough de- 
struction to produce jaundice ; on the other hand, the splenectomized 
animal was  free from jaundice. 
Three  possible  explanations  of this  difference in  results  are  at 
hand:  first,  that the absence of the spleen has  an influence on the 
elimination of ~bile ; second, that splenectomy influences in some way 
the series of changes by which blood  pigments are  converted into 
bile pigments; and third, that owing to the difference in the weight 
of  the  animals,  the  splenectomized  animal  received  a  relatively 
smaller dose, too  small,  perhaps,  to produce a  degree of blood de- 
struction capable of causing bile pigments to appear in the urine. 
The first of these possible explanations may be dismissed at once 
in  view  of  the  appearance  of  bile  pigments  in  the  urine  of  the 
splenectomized dog within twenty-four hours  after ligation of the 
common duct.  The  second is  the main problem  discussed  in  this 
and succeeding papers.  The third explanation may be dismissed in 
view  of  the  result  in  experiment  III  in  which  a  stronger  serum 
was used and the amount injected was adjusted to the weight of the 
animals  employed. 
EXPERIMENT  III. 
Effect  of  Hemolytic  Serum  Six  Days  after  Splenectomy,  with  Control. 
Date.  Dog 3.  Weight 6,4o0 gm.  Dog 7.  Weight zo,sSo gin. 
Dec.  I4,  1911. 
Dec.  20,  I9II. 
Dec.  0.1, 1911. 
Dec.  0.2, 1911. 
Dec.  0.3, 1911. 
Dec.  0.4, 1911. 
Dec.  0.5, I9II, 
Dec.  26-27, 
191I. 
Dec.  o8,  1911. 
Dec.  0.9, 1911. 
Splenectomy. 
Urine normal. 
0.5  c.c. serum per kilo. 
Hemoglobinuria;  no bile pigment. 
Hemoglobinuria; no bile pigment. 
Hemoglobinuria; no bile pigment. 
Trace  of  hemoglobinuria;  no  bile 
pigment. 
No  hemoglobinuria;  no  bile  pig- 
ment. 
Faint trace of bile pigment. 
No bile pigment. 
No bile pigment. 
Control. 
Urine normal. 
0. 5 c.c.  serum per kilo. 
Hemoglobinuria; marked  jaundice. 
Hemoglobinuria; marked  jaundice. 
No hemoglobinuria; marked jaundice. 
No hemoglobinuria; marked jaundice. 
No hemoglobinuria; marked jaundice. 
Much bile pigment in urine. 
Much bile pigment in urine. 
Much bile pigment in urine. 
At  autopsy,  dog  3  showed  no  bile  staining  of  the  tissues.  All  the  organs 
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distended  by  a  large  amount  of  dark  green  bile.  Dog  7  presented the  usual 
large,  swollen, black,  spodogenous spleen; the kidneys, on  section, were brown- 
ish in color, the lymph nodes were swollen, and the gall-bladder was filled with 
dark brown bile.  Bile staining of the tissue could not be demonstrated. 
In  this  experiment the  injection of  serum caused well  marked 
hemoglobinuria in both dogs, accompanied in the normal dog by a 
persisting excretion of large amounts of bile pigments in the urine, 
but  without evidence of jaundice in  the splenectomized dog.  On 
only two days did the splenectomized dog show the faintest trace of 
bile in the urifie, and on these days the reaction was so  faint as to 
be classed as doubtful. 
EXPERIMENT  IV. 
Effect  of  Serum Fifteen Days after  SpIenectomy. 
Date.  Dog 4.  Weight 9,ioo gin.  Dog 6.  Weight 8,80o gm. 
Nov. 14,  IglI. 
Nov. 25-28, 
1911. 
Nov. 29,  19IX. 
NOV. 3  0, 19II  ~ 
Dec.  I, 1911. 
Dec.  2,  19II. 
Splenectomy. 
Urine normal. 
o.5 c.c. serum per kilo. 
Marked  hemoglobinuria; no  bile 
pigment. 
No  hemoglobinuria;  no  bile  pig- 
ment. 
No  hemoglobinuria;  no  bile  pig- 
ment. 
Died. 
Control. 
Urine normal. 
o.5 c.c. serum per kilo. 
Marked hemoglobinuria; bile pigment 
abundant. 
Trace  of  hemoglobinuria; much  bile 
pigme~at. 
No  hemoglobinuria;  much  bile  pig- 
ment. 
Chloroformed. 
At autopsy both dogs showed focal necroses of the liver, brownish discolora- 
tion  of  the  kidneys,  and  swollen  edematous  lymph  nodes.  The  spleen  of  the 
control  dog  presented the  usual  spodogenous tumefaction.  In  this  animal  the 
lighter tissues were stained a  faint yellow, which was not the case in the  splen- 
ectomized animal.  In  each, the gall-bladder was  distended and  contained thick, 
blackish brown bile. 
These experiments have one uniform result; in the splenectomized 
animal,  jaundice  failed  to  follow  hemoglobinuria.  Moreover,  in 
the splenectomized dog,  jaundice failed to  follow those grades of 
blood destruction which, as in experiment II, caused jaundice in the 
normal animal, but were too slight to cause hemoglobinuria. 
The literature of jaundice contains, so  far as we are aware, only 
one  series  of  observations  on  the  effect  of  hemolytic  serum  in 
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clusions have been drawn.  Joannovics, 1 in his studies of the hemo- 
lyric jaundice caused by toluylendiamin,  found,  as  had  Banti 2 and 
Vast, a that  splenectomized dogs require larger doses of the drug to 
cause  jaundice  than  do  normal  animals  and  he  agreed,  therefore, 
with  the  conclusion  of Vast,  that  for the  destruction  of the  blood 
cells by toluylendiamin,  the  intervention  of the spleen is necessary. 
In  the  course  of his  work,  the  effect of  hemolytic immune  serum 
was  tried  on  three  splenectomized  dogs.  The  spleen  of  two  had 
been removed eight days before the injection of the serum ; the time 
of  removal  in  the  third  is  not  stated.  Two  of  the  animals  died 
within a  few hours  and  one was killed  on the ninth  day.  In none 
did  hemoglobinuria  or  jaundice  appear,  and  Joannovics  concludes 
that the presence of the spleen is essential  for the production of the 
hemoglobinuria  due to hemolytic serum. 
That  this  is not true  is shown by our experiments  (III  and  IV) 
in which hemoglobinuria  was well marked.  The  different result  in 
Joannovics'  experiments  was pr(ybably due to the method of injec- 
tion,  the  subcutaneous,  which  does  not  yield  the  same  degree  of 
blood destruction as does the intravenous injection.  It is of interest, 
however,  in  view of our  results,  that  in  his  experiment  (VII)  in 
which a dog received, eight days after splenectomy, a relatively large 
dose of serum  (nearly  one  cubic centimeter  per kilo),  no  jaundice 
occurred during a  period of nine  days. 
Experiments having for their object an explanation of the failure 
of  hemolytic  serum  to  cause  jaundice  during  short  periods  after 
splenectomy are  presented  elsewhere.  It may be stated here,  how- 
ever,  that  the  phenomenon  is  not due to an  influence  of the  spleen 
upon the transformation  of hemoglobin, 4 but is apparently  depend- 
ent  on  the  changes  in  the  blood  consequent  upon  splenectomy.  5 
X  Joannovics,  G.,  Experimentelle  Untersuchungen  fiber Ikterus,  Ztschr.  f. 
Heilk., I9o4, xxv, 25. 
2  Banff, cited by Joannovics, loc. cir. 
avast, cited by Joannovics, loc.  cit. 
*Pearce,  R.  M.,  Austin, J.  H.,  and  Eisenbrey, A.  B.,  II.  The  :Relation of 
Hemoglobinemia to  Hemoglobinuria and  Jaundice  in  Normal  and  Splenecto- 
mlzed Animals, four.  Exper.  Med.,  I012,  xvi, 375. 
° Pearce, R. M., Austin, J.  H., and  Musser, J.  H., Jr.,  III.  The  Changes in 
the  Blood Following  Splenectomy and  Their  Relation  to  the  Production  of 
Hemolytic Jaundice, .Tour. Exper.  Med.,  I912, xvi,  in  press. R. M. Pearce, J. H. Austin,  and E.  B.  Krumbhaar.  369 
Moreover,  it may be added  that  if splenectomy is not accompanied 
by  anemia,  on  the  administration  of  hemolytic  serum  jaundice 
occurs in the splenectomized as in the normal animal. 
THE  INCREASED  RESISTANCE  OF  RED  CELLS  TO  HEMOLYSIS  AFTER 
SPLENECTOMY. 
As  the  time  after  splenectomy  lengthened,  a  new  factor  came 
into  consideration.  This  was  the  increased  resistance  of  the  red 
blood cells to the  action of a  hemolytic serum,  observed first  after 
twenty-seven days. 
EXPERIMENT  V. 
Increased  Resistance  to  Hemolysis  Twenty-seven  Days  after  Splenectomy. 
Date.  Dog x.  Weight 7,94  o gin.  Dog 8.  Weight 6,88o gm. 
Nov.  I0, I91I. 
Dec.  5,  19II. 
Dec.  6, 1911. 
_Dec.  7,  191I- 
Dee.  8, I9n. 
7Dec.  9, I9II. 
Spleneetomy. 
Urine normal. 
Urine normal. 
0.5 c.c. serum per kilo into vein. 
No hemoglobin or bile pigment in 
urine;  large  amount  of  coagu- 
lable protein. 
A  second injection of 5 c.c. serum 
into vein. 
Well marked hemoglobinuria; faint 
trace of bile pigments. 
No hemoglobinuria; trace  of bile. 
Chloroformed. 
Control. 
Urine normal. 
Urine normal. 
0.5 c.c. serum per kilo into vein. 
Severe  hemoglobinuria;  much  bile 
pigment in urine. 
No second injection. 
Slight hemoglobinuria; moderate bile 
pigment. 
No  hemoglobinuria;  trace  of  bile. 
Chloroformed. 
At  autopsy  dog  I  showed  numerous  focal  necroses  in  the  liver,  congested 
:and  hemorrhagic  lymph nodes,  and  brownish  discoloration  of  the kidneys.  The 
gall-bladder  contained  a  very  dark  bile. 
Dog 8  had  the  typical,  firm,  swollen,  bluish  red,  spodogenous  spleen  and  also 
focal  necroses  of  the  liver,  congested  edematous  lymph  nodes,  and  brownish 
,discoloration  of  the  kidneys.  The  gall-bladder  contained  a  black  bile  thicker 
than  that  of  dog  I. 
In this experiment the increased  resistance of the splenectomized 
dog's corpuscles was very clearly shown.  Not only did this animal 
receive  the  same  relative  dose  per  weight,  but  actually  o. 5  of  a 
cubic  centimeter  more  than  did  the  control  animal.  Moreover,  a 
second injection of five cubic centimeters caused, in so far as hemo- 
globinuria  may be taken  as an  index,  a  less  severe grade  of blood 
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experiments  it  will  be  noted  that  the  urine  of  the  splenectomized 
animal  contained hile  pigments,  but not  as great  an  amount  as  the 
urine  of the control animal. 
Another experiment  of the same character  follows. 
EXPERIMENT  VI. 
Increased  Resistance  to  Hemolysis  Sixty-five  Days  after  Splenectomy. 
Date.  Dog io.  Weight 9,72o  gin.  Dog 22.  Weight 6,7zo gm. 
Dec.  9,  I9II. 
Feb.  x2,  I912. 
Feb.  I3,  I912. 
Feb.  I4,  I912. 
Feb.  I5,  i912o 
Feb.  x6,  i912. 
Feb.  I7,  I912. 
Feb.  i8, i912. 
Feb.  I9,  I912. 
Feb.  20"--2I~ 
I912. 
Splenectomy. 
Urine normal. 
0.25  c.c.  serum per kilo into vein. 
Urine  free  from  hemoglobin  and 
bile pigment. 
i  c.e.  same  serum  per  kilo  into 
vein. 
No  hemoglobinuria; no  bile  pig- 
ment. 
No  hemoglobinuria; no  bile  pig- 
ment. 
2 c.e. per kilo of another serum into 
vein. 
Hemoglobinuria; faint trace of bile 
pigment. 
No hemoglobinuria; faint trace of 
bile (?). 
No hemoglobinuria; faint trace of 
bile (?). 
Common bile duct ligated. 
Large amount of  bile pigment in 
the urine. 
Chloroformed. 
Control. 
Urine normal. 
o.25 c.c. serum per kilo into vein. 
No  hemoglobinuria;  bile  p!gments 
present. 
x c.c. per kilo of same serum into vein. 
Marked  hemoglobinuria;  much  bile 
pigment. 
No  hemoglobinuria;  much  bile  pig- 
ment. 
No  third  injection.  Spleen  excised. 
Well marked bile reaction. 
Well marked bile reaction. 
Well marked  bile reaction. 
Well marked bile reaction. 
Chloroformed. 
At  autopsy  dog  Io  showed  general  jaundice  and  fatty  changes  in  the  liver, 
kidneys,  and  heart.  In  dog  22,  fatty  changes  were  evident,  but  were  not  so 
marked,  and  no  definite bile staining of  the  tissues could  be  seen. 
This  experiment  demonstrates  most  conclusively  the  increased 
resistance  of  the  red  blood  cells  of  a  splenectomized  animal  to 
hemolysis.  A  small  dose  (o.2 5  of a  cubic centimeter  per  kilo)  of 
a  weak serum caused in the sound dog sufficient destruction  of red 
cells  to  lead  to  the  appearance  of  bile  pigments  in  the  urine;  the 
splenectomized  animal  was not affected.  A  larger  dose  (one cubic 
centimeter per kilo)  of the same serum produced hemoglobinuria in 
the control, but no change in the splenectomized animal.  Finally,  a 
third  injection  of two cubic centimeters  of serum per  kilo,  an  un- 
usually large  dose,  was  necessary before hemoglobinuria  was  pro- 
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This evidence of increased resistance in the splenectomized animal 
was supported by tests in vitro, both as regards spontaneous hemo- 
lysis in salt solutions of different strengths, and also as regards the 
hemolytic power of the serum used for injection. 
Incidentally,  these  two  animals  were  used  to  demonstrate  (I) 
that obstructive jaundice can readily be produced in the splenecto- 
mized dog (see also experiment I)  by ligating the common duct, and 
(2)  that an existing hemolytic jaundice does not immediately lessen 
after removal of the spleen. 
The determination of the cause of this increased resistance of the 
red  corpuscles  after  splenectomy is  necessarily an  important  part 
of our problem. " That the splenectomized animal is more resistant 
than the normal animal to the action of hemolytic poisons,  that is, 
that the splenectomized dog will bear larger doses,  has been noted 
by Banti,  Vast,  and Joannovics in their work with toluylendiamin, 
and was also observed by Pugliese and Luzzatti,  6 in their study of 
the action of pyrodin. 
Actual demonstration by exact methods of an increased resistance 
of  red  cells  after  splenectomy has  been  shown,  so  far  as  we  are 
aware,  only  by  Chalier  and  Charlet,  7  though  these  investigators 
quote also  Bottazi  s  and Viola2  The  differences noted by Chalier 
and  Charlet  as  the  result  of  testing  the  fragility  of  the  cells  of 
oxalated blood in different strengths of salt solution are slight, but 
this may be due to the  fact that none of their tests appear to have 
been made later than ten to twelve days  after splenectomy.  They 
found in  three dogs that  complete hemolysis occurred in  solutions 
varying from o.32 to o.36 as compared to o.32 to o.4 in five normal 
dogs. 
In our work we have used fresh blood obtained by puncture and 
have allowed it to  fall into tubes as it flowed from the wound, one 
drop in  each tube.  These tubes contained salt  solution decreasing 
6 Pugliese, A., and Luzzatti, T., Contributions ~ la physiologie de la rate, Arch. 
ital. de  biol., I9oo, xxxiii, 349. 
7 Chalier,  J.,  and  Charlet,  L.,  ]~tat  de  la  r~sistance  globulaire  chez  l'animal 
normal  et splfinectomisfi, ]our.  de  physiol,  et  de  path. gdn.,  I9II,  xiii, 728. 
8 Bottazi,  cited by  Chalier,  J.,  and  Charlet,  L.  (with  reference  to  lVIorat, J.- 
P., and  Doyon, M., Trait6  de physiologic, Paris,  I9o4,  i, 6o5),  loc.  cit. 
9 Viola,  cited by  Chalier,  J.,  and  Charlet,  L.  (with  reference  to  Morat,  J.-P., 
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by twentieths  of  i  per  cent.  from 0. 7  to  0.2  per  cent.  In  normal 
dogs we have  found  that  hemolysis is  complete  in  o.35  or o.4 per 
cent.  solution,  with partial  hemolysis,  as a  rule,  in  the  next  higher 
tu'be.  Only once in our experiments with the blood of normal dogs, 
has  complete  hemolysis  occurred  in  o. 3  per  cent.  solution.  In 
splenectomized  animals,  on  the  other  hand,  if  a  period  of at  least 
nine  days has elapsed,  complete hemolysis occurs in o.25  or o.3 per 
cen.t, solution with partial hemolysis in the next higher tube, but the 
hemolysis is  never  complete  in  solutions  above o.3  per cent.  In  a 
few instances  in  which  this  test  has  been applied  both  before  and 
after splenectomy, the increase in resistance corresponded always tom 
a  difference of o.I  per cent.  in the salt solution used.  No increase 
in resistance  was noted 'before the ninth  day,  and  after this  period 
the resistance did not increase with lapse of time up to seven and  a 
half  months,  which  in  our  series  is  the  longest  period  after 
splenectomy. 
Detailed  observations  having  for  their  object the  determination 
of  the  cause  of  this  increased  resistance  and  its  relation  to  blood' 
destruction  and  regeneration  will  be  presented  in  later  communi- 
cations. 1° 
THE  OCCURRENCE  OF  SPONTANEOUS  JAUNDICE  SEVERAL  MONTHS, 
AFTER  SPLENECTOMY. 
In  view  of  the  difficulty  of  causing  hemolytic  jaundice  in  the 
early  periods,  the  occurrence  of  spontaneous  jaundice  several 
months  after  splenectomy was  entirely  unexpected.  Well  marked 
coloring of the urine by bile pigment has been seen in two animals. 
In  one  it  was  noted  lO 3  days after  splenectomy  and  in  the  other 
after seven and a  half months.  How soon after the removal of the 
spleen this spontaneous pigmentation  may occur we cannot say, for 
in the early part of the investigation many of the dogs were watched 
for only a  few days after operation, and were then set aside without 
routine  examination  of the  urine.  Thus,  the  occurrence  of bile in 
the urine  was,  in  several  of the  long period  splenectomies,  not  ob- 
s0 Karsner,  H.  T.,  and  Pearce,  R.  M.,  IV.  A  Study,  by the  Methods  of  Im- 
munology, of the Increased  Resistance of the Red Blood Corpuscles after  Sple- 
nectomy,  Jour. Exper.  Med.,  1912, xvi,  in oress. R. M. Pec~rce, d. If., Austin,  and E. B. Krumbhaar.  373 
served  until  the  period  of  study  preliminary  to  the  injection  of 
serum.  For  this  reason we did  not  determine when the bile  pig- 
ments first appeared in the urine of the animals mentioned above. 
Since  our  attention  was  called  to  this  phenomenon,  however,  all 
animals have been carefully watched, but large amounts of bile pig- 
ments have not been observed in the urine of animals splenectomized 
for periods of less than three months.  In two instances, however, 
faint traces were found after thirty days.  On the other hand, we 
have had only four long period splenectomies to study.  In two of 
these  (three  and  one half  and seven and  or~e half months)  spon- 
taneous  jaundice occurred and  in two  (nine and one half and ten 
months)  it was not observable. 
The supposition  that this  spontaneous jaundice might be  due to 
a  diminished resistance and to a spontaneous hemolysis of red cells 
is contra-indicated by the fact that the red cells of both animals pre- 
senting jaundice showed an increased resistance to lysis by both salt 
solution and hemolytic serum.  The following experiment will illus- 
trate this. 
EXPERIMENT  VII. 
Spontaneous  Jaundice  One  Hundred  and  Three  Days  after  Splenectomy,  with 
Increased  Resistance  of  the  Red  Cells. 
Date.  Dog 2,  Weight xo,29o  gin.  Dog 29.  Weight 7,250 gin. 
NOV. I4,  I9II. 
Nov. I5, I9II. 
Feb.  25, I912. 
Feb.  26, x912. 
Feb.  27, I9x2. 
Feb.  28, x9x2. 
Feb.  29, I912. 
Mar.  l, I912. 
Urine normal. 
Splenectomy. 
Urine deeply pigmented by bile. 
o.25 c.c. serum per kilo into vein. 
No hemoglobinuria; much bile pig- 
ment. 
No hemoglobinuria; much bile pig- 
ment. 
No hemoglobinuria; much bile pig- 
ment. 
No hemoglobinuria; much bile pig- 
ment. 
Control. 
Urine normal. 
0.25 c.c. serum per kilo into vein. 
Marked  hemoglobinuria;  fairly  well 
marked bile reaction. 
Slight hemoglobinuria; much bile pig- 
ment. 
Urine lost. 
Much  bile  pigment;  no  hemoglobin- 
uria. 
Experiment  discontinued. 
At  autopsy  the  splenectomized  animal  presented  no  disturbance  of  the  liver 
or biliary passages capable of explaining the jaundice as being due to obstruction. 
In  a  second animal  a  persisting  and  abundant  pigmentation of 
the urine was noticed seven and a half months after splenectomy.  The 
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per cent. salt solution,  whereas the cells of the control animal were 
hemolyzed in 0.4 per cent.  Hemoglobinuria was brought about in 
the  control  dog  by  an  injection  of  o. 5  of  a  cubic  centimeter of 
hemolytic serum per kilo, while in the splenectomized animal hemo- 
globinuria did not occur until the dose was raised to one cubic centi- 
meter per  kilo. 
That  the  jaundice  in  this  particular  animal  was  not  associated 
with an anemia is shown by the fact that the blood examination gave 
a  red blood cell count of 6,I2o,ooo and a hemoglebin content of 97 
per cent.  Our attempts  to  explain this  phenomenon are presented 
in the third paper  11  of this series. 
SUMMARY. 
This investigation brings out three points. 
I.  During the first three or four weeks after splenectomy hemo- 
globinuria due to hemolytic serum was not followed by jaundice. 
2.  One month and more after splenectomy the red cells had an 
increased resistance to hemolysis. 
3.  Three  and  a  half  months  after  splenectomy and  even  later, 
jaundice occasionally occurred spontaneously. 
Attempts to  explain these three phenomena have been based  on 
the following possibilities :  (I)  that  some function of the spleen is 
essential  for the degradation of hemoglobin or  for the elaboration 
of its derivatives;  (2)that  there is  some interrelation between the 
spleen and the blood-forming organs or between the spleen and the 
blood-disintegrating  mechanism,  or  perhaps  both  interrelations 
exist;  (3)  that  there  is  a  disturbance  of the  hemolyzing or  bile- 
forming function of the liver dependent on the blood changes  fol- 
lowing splenectomy. 
This  multiplicity of problems  and  likewise of possible  explana- 
tions has rendered the presentation of the explanatory work in one 
communication  extremely difficult.  In  the  interests  of  clearness, 
therefore, the various phases are dealt with in separate papers. 
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